Background The therapeutic benefit of adjuvant chemotherapy has not been proven in stage I gastric cancer (GC). The aim of this study was to identify stage I GC patients at high risk of recurrence or death. Results With a median follow-up of 54 months (range 0-60 months), 212 patients (7.6 %) experienced recurrence or death, and the 5 -year recurrence-free survival (RFS) rate and overall survival rate were 89.9 and 93.4 %, respectively. With a multivariate analysis, six factors (age over 65 years, male gender, stage IB GC, lymphovascular invasion, perineural invasion, and elevated level of carcinoembryonic antigen) were independent poor prognostic factors for RFS (p \ 0.05). Patients with more than two of six poor risk factors had a 5-year RFS rate of 79 %, whereas patients with fewer risk factors had a 5-year RFS rate of 97 % (p \0.001). Conclusions In this study cohort, we identified six independent risk factors for RFS. The patients with more than two risk factors are expected to have significant risk of recurrence or death after curative resection and should be considered as candidates for adjuvant treatment.
Introduction
Gastric cancer (GC) is the fifth commonest malignancy and the third leading cause of cancer-related death worldwide, and it has the highest incidence and mortality rates in East Asia, including Japan and Korea [1] [2] [3] [4] . In locally advanced cases, the only current available treatment for cure is complete surgical resection, and D2 resection is considered as the standard gastrectomy not only in East Asia but also J.H. Park and M.-H. Ryu contributed equally and should be considered as first coauthors.
Electronic supplementary material The online version of this article (doi:10.1007/s10120-015-0464-5) contains supplementary material, which is available to authorized users.
in Western countries [2, [5] [6] [7] . In recent large clinical trials, including the Adjuvant Chemotherapy Trial of TS-1 for Gastric Cancer (ACTS-GC) and the Capecitabine and Oxaliplatin Adjuvant Study in Stomach Cancer (CLAS-SIC), the therapeutic benefit of adjuvant chemotherapy was established for patients with stage II and stage III GC [8] [9] [10] [11] . As a result, adjuvant chemotherapy with S-1 or a combination capecitabine and oxaliplatin regimen has become the standard treatment after D2 resection for stage II and stage III GC.
In Korea and Japan, the rate of detection of early-stage GC has been markedly increased in the last couple of decades because of nationwide screening programs with endoscopy. As a result, stage I GC currently accounts for approximately 50 % of the total number of operations performed for GC in Japan and Korea [12] [13] [14] . Patients with early-stage GC generally have an excellent prognosis after curative (R0) resection. In cases of stage I GC, the 5-and 10-year survival rates have been reported to be over 90 % and 85-90 %, respectively [15, 16] . However, there is recurrence in a small but definite number of patients even with stage I GC after curative resection. The recurrence rates for stage I GC after gastrectomy have been reported to range from 1.4 to 13.8 % [15, [17] [18] [19] . Although several previous studies attempted to evaluate the risk factors for recurrence of or death from early-stage GC, there has been no common prognostic model established based on significant factors for stage I GC because of its relatively low incidence of recurrence or death. Moreover, unlike stage II and stage III GC, there is no global agreement on adjuvant chemotherapy for stage I GC because of a lack of randomized clinical trials of adjuvant treatment with sufficient statistical power.
Considering the expansion of the population with stage I GC and consequently the number of patients who would experience recurrence, it is necessary to identify patients with stage I GC at a high risk of recurrence or death who might receive therapeutic benefit from adjuvant chemotherapy. Hence, we performed a retrospective study to identify significant risk factors for recurrence or death for patients with stage I GC at high risk who might be potential candidates for future adjuvant trials.
Patients and methods

Patients and clinicopathologic parameters
Patients with newly diagnosed pathologically proven stage I GC according to the sixth edition of the American Joint Committee on Cancer (AJCC) staging system who underwent curative surgical resection from 2003 to 2007 at Asan Medical Center, Seoul, Korea, were retrospectively reviewed. Among the patients reviewed, we excluded patients with initially advanced-stage GC but downstaged as stage I GC after neoadjuvant chemotherapy followed by curative resection, endoscopic mucosal resection, or endoscopic submucosal dissection as the initial surgical intervention, or initial curative resection at other hospitals. Patients with a history or concurrence of malignancies other than gastric adenocarcinoma were also excluded, except for patients fully recovered from nonmelanoma skin cancer and cervical carcinoma in situ. The clinical parameters of interest for recurrence are listed in Table 1 . After surgical resection, typical follow-up workups to detect recurrences included physical examination every 3 months for 2 years and then every 6 months for the next 3 years, chest X-rays and abdominal and pelvic CT scans every 6 months, and gastroscopy every year for 5 years. Recurrences were classified into locoregional alone, distant alone, or both locoregional and distant relapses. This study was approved by the Institutional Review Board of Asan Medical Center.
Statistical analysis
The efficacy outcomes primarily included 5-year recurrence-free survival (RFS) and 5-year overall survival (OS) within 5 years following surgical resection. RFS was defined as the time from the date of curative resection to the time of confirmed recurrence of GC or death from any cause that occurred in the first 5 years, and OS was defined as the time from the curative resection to the time of death from any cause within 5 years. Patients were censored at 5 years for RFS and OS if they were recurrence free and alive at 5 years from the initial curative resection. In the case of patients who were lost to followup without evidence of recurrence but who were still alive at 5 years, they were censored at the date of the last clinic visit in RFS but were censored at the 5-year point for OS. The univariate and multivariate analyses of risk factors were performed using the Kaplan-Meier method with the log-rank test and the Cox proportional hazards model, respectively. The Cox proportional hazards model was used to calculate hazard ratios with variable selection procedures using the bootstrapping method. Finally, we constructed a provisional prognostic model to stratify the risk of RFS based on the risk factors that remained significant after multivariate analyses. All p values were twosided, and a p \ 0.05 was considered statistically significant. The confidence intervals were determined at the 95 % level. Statistical Package for the Social Sciences (version 20.0; SPSS, Chicago, IL, USA) was used for all statistical analyses.
Results
Patients and clinicopathologic characteristics
From January 2003 to December 2007, stage I GC was newly diagnosed in 4,201 patients after curative resection at Asan Medical Center. Of these, 197 patients were excluded from the analysis for previously described reasons (for details, see Fig. 1 ). Among the remaining 3,904 patients, we additionally excluded 1,121 patients who received any type of adjuvant treatment, and we finally analyzed 2,783 patients with pathologically confirmed stage I GC who had not received adjuvant treatment after curative resection (Fig. 1) . The clinicopathologic characteristics of the 2,783 patients are summarized in Table 1 .
Overall outcomes and pattern and frequency of recurrence
The median follow-up period was 54 months (range 0-60 months). Among 2,783 patients, 84 patients (3.0 %) experienced recurrences, 179 patients (6.4 %) died, and 212 patients (7.6 %) experienced recurrence or death within the 5-year follow-up. In all patients, the 5-year RFS and OS estimated by the Kaplan-Meier method were 89.9 and 93.4 %, respectively (Fig. 2) . Among 84 patients with recurrence, the median time to recurrence was 25.7 months (range 1.3-55.8 months), and 37 patients (44.0 %) experienced relapse within 2 years. Among 84 patients with recurrence, 35 patients (41.7 %) displayed only locoregional relapse including the site of anastomosis, stomach, duodenum, and regional lymph nodes, 41 patients (48.8 %) had distant metastasis alone, and eight patients (9.5 %) had both distant and locoregional recurrence. Among 49 patients with distant metastasis, the peritoneum was the commonest metastatic site (n = 17, 34.7 %), followed by the liver (n = 15, 30.6 %), lung or pleura (n = 7, 14.3 %), extra-abdominal lymph nodes (n = 5, 10.2 %), bone (n = 4, 8.2 %), and brain (n = 1, 2.0 %).
Analysis of risk factors for recurrence and death
All clinicopathologic factors described earlier were sequentially evaluated by the Kaplan-Meier method and using a Cox proportional hazards model. The results are summarized in Table 2 . In the univariate analyses, lower (Fig. 3) .
Discussion
According to a recent report, the proportion of patients with early-stage GC in Korea increased from 28.6 % in 1995 to 57.7 % in 2009, whereas the overall incidence of GC did not change during the same period [12, 13] . Although the prognosis of stage I GC is known to be excellent in general after curative surgery and we also observed an RFS rate of approximately 90 % at 5 years in our series, postoperative recurrences and/or deaths still occur in a certain percentage of patients with various relapse rates [15, [17] [18] [19] . With more detection of stage I GC in Korea and Japan, the absolute number of patients with stage I GC who experience recurrence is also increasing, which may result in a large health problem in those countries. Given the absence of recurrence in most patients with stage I GC, determining the parameters for a high risk of recurrence, which was addressed in this study, is a prerequisite for selecting candidates for adjuvant treatment.
In the current study, we demonstrated that several clinicopathologic parameters are significantly related to a high risk of recurrence and/or death. Our study has salient strength in that we have analyzed the largest dataset of stage I GC with sufficient events thus far. Our analyses revealed six final independent risk factors for RFS by multivariate analysis, which were age over 65 years, male gender, stage IB GC, lymphovascular invasion, perineural invasion, and elevated serum level of CEA. Although the overall stage is determined by a combination of T and N stage, our findings may suggest that the overall stage may independently affect the prognosis beyond each of T stage and N stage. Of the six independent variables we observed, one or more were repeatedly observed as risk factors for recurrence in each of the previous studies with a smaller patient population with early-stage GC [12, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . In general, metastasis to lymph nodes has been reported to be one of the most significant risk factors for recurrence of early-stage GC [17, 29] . The depth of invasion is generally related to metastasis to lymph nodes [18, 29] ; lymphatic or vascular invasion, submucosal invasion, and old age are other risk factors for metastasis to lymph nodes. In a few studies including only stage IB GC, undifferentiated adenocarcinoma, tumor size greater than 3 cm, and the presence of perineural invasion were also observed as poor prognostic factors [26, 28] . Notably, distinct from previous studies, we included serum levels of tumor markers as relevant clinicopathologic factors, and multivariate analysis revealed CEA as an independent predictor for RFS. Our study suggests that tumor markers might also be considered for risk stratification in future clinical trials of adjuvant chemotherapy in early-stage GC. By grouping the patients on the basis of six independent risk factors, we illustrated two risk groups with distinct survival outcomes, i.e., a high-risk group with a 5-year RFS rate of 72.3 % and a low-risk group with a 5-year RFS rate of 91.8 %. Because of a lack of clinical trials with sufficient statistical power, adjuvant treatment is generally not recommended for patients with stage I GC. Thus far, large-scale clinical trials of adjuvant treatment in GC have mainly included patients with stage II and stage III GC but no or too few patients with stage I GC [8-11, 30, 31] . According to ACTS-GC, which compared adjuvant S-1 with surgery alone after curative resection in stage II or stage III GC, the 5-year RFS rate was better with adjuvant S-1 compared with surgery alone (79.2 % vs 64.4 %, respectively) in patients with stage II GC [30] . Considering that patients with a less advanced stage of GC benefited more from adjuvant chemotherapy than patients with a more advanced stage (hazard ratios for RFS of 0.521 in stage II GC, 0.696 in stage IIIA GC, and 0.788 in stage IIIB GC), and the 5-year RFS rate of the high-risk group identified in our study is close to that of the stage II GC group in ACTS-GC, it is expected that stage I GC patients belonging to the high-risk group might benefit from adjuvant chemotherapy after curative resection. Kunisaki et al. [16] also observed some patients with stage I GC whose long-term outcomes are as poor as those of patients with stage II GC. They studied 1,880 patients with histologically proven stage I GC to identify lymphovascular invasion as a poor prognostic factor in stage IB GC patients. In their report, patients with T2N0 GC having lymphovascular invasion and stage II GC had similar survival outcomes, which suggests T2N0 patients with moderate to severe lymphovascular invasion are suitable for adjuvant chemotherapy. In addition, a more recent study demonstrated a prognostic scoring system based on three risk factorstumor diameter, lymphovascular invasion, and perineural invasion in pT2N0 GC patients-which categorized patients into three prognostically different risk groups [26] . Their results also suggest adjuvant treatment is required for some patients with stage I GC.
In the current study, we declared the extent of lymph node dissection (LND) applied in curative resection of GC, which revealed 54.6 % D1? dissection in addition to 45.0 % D2 dissection. Although the principle of gastric resection and LND in GC generally follows the Japanese GC treatment guidelines [32, 33] in our institute, which means surgeons determin the extent of LND on the basis of the clinical stage evaluated prior to gastrectomy using CT or endoscopic examination, some exceptions were made in unusual circumstances as elderly patients, major comorbidities including heart and liver problems, or surgeryrelated complications. There were no significant differences in RFS between D1? and D2 dissection in either all the patients or patients with stage IB GC (Fig. S1 ). Considering that there is no established guideline or prospective study comparing D1? and D2 dissection in entire stage I GC patients, further randomized controlled trials are warranted.
This study also has some limitations. The first is that we used the sixth edition of the AJCC staging system rather than current, seventh edition. However, considering all of the recently published trials of adjuvant therapy in GC [8, 30] explored the efficacy of adjuvant chemotherapy on the basis of the sixth edition of the AJCC staging system, and our study aimed to find potential candidates for adjuvant chemotherapy among stage I GC patients, it seemed reasonable to perform this study on the basis of the sixth edition of the AJCC staging system to better compare the efficacy outcomes with those of other reference studies of adjuvant chemotherapy. Second, the current study does not provide data analysis in patients treated with endoscopic mucosal resection or endoscopic submucosal dissection, which is an increasingly frequent procedure in Korea and Japan. We excluded patients who had undergone only endoscopic resection because adjuvant treatment is usually not recommended after endoscopic resection in principle, and accordingly they were not considered as candidates for adjuvant chemotherapy. Moreover, the exact status of lymph node involvement was unknown with endoscopic mucosal resection or endoscopic submucosal dissection, but we needed information on involvement of lymph nodes with surgery to figure out the risk factors for relapse or death. Third, even though most patients with stage I GC do not experience recurrence or death within 5 years, a substantial number of cases were censored for RFS, which might lessen the power of the study. However, in stage I GC unlike in advanced stages of GC, particularly in cases without recurrence, patients are often not willing to continue having regular checkups after curative resection because of its excellent prognosis in general. Among patients lost to follow-up within 2 years after surgery in our study, most patients (94.5 %) were alive at 5 years. Thus, censored cases from follow-up loss, on one hand, may reflect real-world practice and may be more prominent in a retrospective study. Moreover, the current study achieved statistical significance in spite of many censored cases. Lastly, we did not perform external or internal validation of our risk model. However, it might be difficult to construct a dataset including a large patient population such as ours for external validation. And despite the large cohort size in this study, the number of events was considered not big enough to divide patients into training and validation sets for internal validation.
In summary, in our large cohort of patients with stage I GC irrespective of their T or N stages, age over 65 years, male gender, stage IB GC, lymphovascular invasion, perineural invasion, and elevated serum level of CEA were six independent risk factors for recurrence or death. Furthermore, risk factor analysis was performed for risk stratification by which stage I GC patients could be categorized into two different risk groups displaying a 5-year RFS rate difference near 20 percentage points. Taken together, our results suggest that there are stage I GC patients with a higher risk of recurrence and/or death who may proceed to additional adjuvant chemotherapy after surgical resection. Considering the large number of patients for whom there is comprehensive information on the clinicopathologic parameters in this study, our results could be generalized, at least in East Asia, where the same surgical procedures are routinely practiced. On the basis of the results of this study, a prospective randomized clinical trial of adjuvant chemotherapy versus surgery alone in stage I GC patients at high risk of recurrence or death is now ongoing (ClinicalTrials.gov identifier NCT01917552).
